CdSe quantum dots (QDs) (2 -3 nm) were synthesized by chemical precipitation method. Optical and structure properties of the products were investigated by scanning tunneling microscope (STM), X-ray diffraction (XRD), and ultra violet-visible (UV-Vis) spectrophotometer. The results show that high-quality cubic CdSe QDs were obtained. It is also obtained that temperature is one of the most important factors the affect on the particle size and optical properties of the prepared QDs samples.
Introduction
QDs (Quantum dots), also known as colloidal semiconductor nanocrytals, are generally composed of II-VI and III-V groups of table of elements. Their optical and electrical properties are strongly size dependent [1] [2] [3] [4] . High quality semiconductor nanocrystals have many applications such as thin film light-emitting devices, non-linear optical devices, solar cells and life science [5] [6] [7] [8] . On the other hand, most of chemical materials which used for their production are toxic, expensive, and even explosive.
Cadmium selenide (CdSe) can have both of solid hexagonal or cubic crystal structures with dark red appearance. It is an n-type semiconductor material with a band gap of 1.74 eV at 300˚K. The molecular weight of CdSe is 191.37g/mol where Cd is 58.74% and Se is 41.26% [1] . Bulk form of CdSe is not very interesting but CdSe nanoparticles are one of the most interesting semiconductors which many current researches have focused on their characteristics and applications. Researchers are concentrating on developing controlled synthesis of CdSe nanoparticles. It has useful properties for optoelectronic devices, laser diodes, nanosensing, biomedical imaging and high efficiency solar cells [1] [2] [3] [4] .
In this study, CdSe nanoparticles were prepared and the crystal structure, particles size distribution and optical properties of them were investigated. The optical properties of the CdSe nanoparticles were also assessed at different temperatures.
Experimental

Materials and Methods
CdSe nanoparticles were synthesized by chemical precipitation method [9] . For this purpose, three solutions of Cadmium Chloride (CdCl 2 ·4H 2 O), Mercaptoethanol (ME) and Sodium Selenide (Na 2 SeO 3 ·5H 2 O) were prepared in the distilled deionized water, under vigorous stirring (all from Merck Company). At first, CdCl 2 solution was poured into a three spout balloon container and at the meanwhile, ME solution was added to the same balloon. Finally, Sodium Selenide solution was added to the balloon by the same way and under atmosphere control condition (N 2 ). The resulting solution was washed by deionized water and then was centrifuged in order to remove any impurity aggregate. Then, the precipitated sample was dried at room temperature. All processes were done at room temperature [1] .
Properties Assessment
The crystal structure and optical properties of CdSe QDs were characterized by XRD (X-ray diffraction, Bruker D8 ADVANCE λ = 0.154 nm Cu Kα radiation) [10] and UV-Vis spectrophotometer (ultra violet-visible, UV-2600 Shimadzu, Japan). STM (scanning tunneling microscope, NATSICO Iran) were used for investigation of particles size distribution. The optical properties of the
Results and Discussion
Structure Analysis
The structure of the CdSe QDs was investigated by XRD. Figure 1 demonstrates the XRD pattern of the CdSe QDs. It can be seen that, the sample has single phase and also has the cubic crystal structure.
According to the standard JCPDS (Joint Committee on Powder Diffraction Standards) card No. 19-0191, the diffraction peaks correspond to the (111), (220) and (311) are the crystal plane. The mean size of the particles was determined by Debye-Scherer formula. It was calculated 2.4 nm for CdSe QDs [11] . Figure 2 demonstrates the STM photograph of the CdSe sample. The size was determined around 3 nm from STM photograph.
Optical Properties
Basically, the electronic state is one of the most important properties of semiconductor and can be described in terms of valence and conductivity bands and a gap between these bands. However, as the particles become smaller, the wavelength of the electrons is closer to the range of the particle sizes and the laws of classical physics have to be substituted by quantum confinement or quantum size effect (QSE).
Moreover, many studies have reported the QSE in direct-gap semiconductors such as a shift of the optical absorption edge to higher energies with decreasing size.
UV-Vis absorption spectra were measured with an UV-visible spectrophotometer. Figure 3 indicates the absorption spectrum of CdSe QDs at different temperatures from 10˚C to 70˚C. The UV-Vis absorption spectrum at 10˚C showed that the absorption peak of the obtained CdSe QDs in aqueous solution is 420 nm (2.95 eV) whereas it is 698 nm (1.78 eV) for bulk cubic CdSe [1] . Therefore absorption peak was shifted from red to blue by decreasing the size from bulk to nano. It is clearly showed the effect of QSE. The absorption peak of the obtained CdSe QDs which is obtained by UV-visible spectrophotometer is slowly increased by the temperature increase. It reaches to 448 nm (2.76 eV) at 70˚C which represents 28 nm raise in comparison with the 10˚C. It is probably because of the increase in nanoparticle size which is happened due to the temperature increase. The results details are listed in Table 1 . The estimated particle size was about 2 -3 nm according to Brus-Equation.
where QD g E and bulk g E are the energy gap of nanoparticle and bulk respectively, h is the Planck constant, R is the nanoparticle radius, M is the reduced mass and m e is the electron mass and m h is the hole mass. The energy band diagram of nanocrystalline cadmium selenide (CdSe) and bulk material are schematically shown in Figure 4 .
When CdSe nanoparticles prepared in different sizes are suspended in a liquid and white light is shown on the test tubes containing these suspensions. Each test tube emits light of a different colour depending on the size of the nanoparticle suspended in it as shown in the Figure 5 .
This clearly indicates that the band gap of CdSe changes depending on the size of the nanoparticle. In fact, smaller sizes have the larger band gaps. These are completely compatible with our obtained results in this study.
Conclusions
CdSe nanoparticles 2 -3 nm was synthesized. From the Figure 3 and Table 1 it is concluded that, the CdSe nanoparticles size is temperature dependent and the crystal size grows with the temperature increase. The absorption peak of the obtained CdSe QDs which is obtained by UV-visible spectrophotometer is slowly increased by the temperature increase.
It reaches to 448 nm (2.76 eV) at 70˚C which represents 28 nm raise in comparison with the 10˚C. It is probably because of the increase in nanoparticle size which is happened due to the temperature increase.
